A number of mixed-ligand complexes of cobalt(III) containing coordinated azide ion, acetylacetonate anion and the neutral base imidazole and, having the general formula [Co(acac) 2 (N 3 )(Im)] (Im = imidazole or its derivatives) have been synthesised by the reaction of K[rrans-Co(acac) 2 (N 3 ) 2 ] with the biologically active ligand imidazole or its derivatives. IR and electronic spectra alongwith 'H and 13 C NMR spectra have been employed to characterise the complexes and determine their geometry. In contrast to the stable f/w7s-[Co(acac) 2 (N0 2 )(Im)] complexes, these azido complexes are shown to undergo facile trans^eis interconversion in CHC1 3 solution. The NMR spectra ('H and 13 C) can be interpreted by assuming the presence of an equilibrium mixture of the eis-and /rarts-isomers in solution.
Introduction
Imidazole plays a vital role in many biological systems where it is found in the aminoacid histidine which has been implicated in the active sites of enzymes [1, 2] such as ribonuclease and the serin proteases and is strongly coordinated to metal ions in several metalloproteins [3, 4] such as haemoglobin, myoglobin, cytochrome C, carboxypetidase A and histidine deaminase etc. The imidazole group of histindine is of prime biological importance as it is generally responsible for most of the buffering power of proteins in the physiological pH range and is a binding site for metal ions in insulin and serum albumin [5, 6] , With this in the background, we have earlier investigated the complex formation between imidazole ligands and a number of divalent first row transition metals [7] [8] [9] [10] [11] [12] [13] [14] . Eventhough a series of binary complexes of imidazole with cobalt(II) ion (d 7 ) were synthesised, no such complexes with cobalt(III) ion (d 6 ) could be obtained. However, ternary complexes of cobalt(III) of the type frans-[Co(acac) 2 (N0 2 )(Im)] and ds-[Co(en) 2 
(Cl)(Im)]
2+ involving imidazole as a ligand have been synthesised and characterised [15, 16] on the basis of 'H and 13 C NMR spectral data. A single crystal X-ray structure determination [17] of [Co(en) 2 
2+ corroborated the cisstructure for this compound proposed on the basis of NMR data [16] . The trans-and eis-structures for the nitro-and chloro-complexes, respectively, are in agreement with the relative trans-directing influence * Reprint requests to Prof. K. C. Dash. Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0340-5087/85/0400-0470/$ 01.00/0 of these groups. In order to investigate any change in configuration by replacing the N0 2 group by anions of varying fra/is-directing properties, we report here the synthesis of [Co(acac) 2 (N 3 )(Im)] complexes and their spectral properties which throw light on the configuration of these complexes. 
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I 3N- Most of te compounds were prepared by a general synthetic method in which imidazole or its derivative (0.6 mmol) dissolved in MeOH was added to a solution of K[fra«s-Co(acac) 2 (N 3 ) 2 ] in H 2 0. The resulting mixture was stirred magnetically for about 2 h at room temperature during which time a green solid deposited. The product was allowed to stand overnight for completion of reaction and then collected on a frit, washed several times with water followed by aliquots of small volumes of EtOH, finally with Et 2 0 and dried in vacuo.
Experimental
Synthesis of Complexes
The 1-methylimidazole and 1,2-dimethylimidazole adducts could not be formed by this method. But they could be synthesised in a manner analogous to that of [Co(acac) 2 (N 3 )(py)] [18] . While the 1-methylimidazole adduct was formed after 15 d, the 1,2-dimethylimidazole was obtained only after 2 d.
The synthesis presumably proceeds by the reactions mentioned below.
(1)
Analyses, electronic and IR spectra, and electrical conductivity These were carried out as detailed earlier [15] . C, H, N analyses were from CDRI, Lucknow.
'H and 13 C NMR spectra
These spectra were obtained by FT techniques reported earlier [15, 16] .
Results and Discussion
The neutral ligand imidazole or its derivatives react with rrans-[Co(acac) 2 Abbreviations: Im = imidazole; Me = methyl; Et = ethyl; Vi = vinyl; Al = allyl; Pr = propyl; z'Pr = isopropyl; Ph = phenyl; Be = benzyl; DiMe = dimethyl, BIm = benzimidazole. undergo slow isomerisation to the ds-compound giving an equilibrium of the type trans-^ eis-over a period of serveral days, depending on the imidazole ligand used. Since N0 2 ion is known to gave a greater octahedral frans-directing influence as compared to other anions, we were prompted to synthesise a series of octahedral cobalt(III) complexes using other anions, and this paper discusses the complexes involving a coordinated N 3 ion in hitherto unreported complexes of the type [Co(acac) 2 (N 3 )(Im)]. The complexes synthesised along with their analytical data and other physical properties are reported in Table I . These complexes are stable in air and are fairly soluble in common organic solvents. The electrical conductivity measurements in dilute (ca. 10~3 M) solutions establish their non-electrolytic character [19] . As expected, the solid state magnetic susceptibility measurements confer a spin-paired arrangement for these six-coordinated, octahedral cobalt(III) (d 6 ) complexes.
The electronic absorption spectra of the complexes are presented in Table II and the typical spectra shown in Fig. 1 1,000 cm -1 higher in energy at about 18,000 cm -1 [15] . A relatively low intensity band is observed at 30,000 cm -1 due to a metal t 2g (JT) to acetylacetonate (jt*) charge transfer band [20] , The band at 38,000-40,000 cm -1 represents a a(acac) to e|(metal) charge transfer transition and the band at ca. 43,000 cm -1 corresponds to acetylacetone the jz^tz* transition [18] .
The IR spectra of the complexes in the range 4,000-200 cm -1 shows some interesting features. A number of bands could easily be ascribed to the vibrations of the acetylacetonate group, the N3 ion and the imidazole ligand [7, 15] . Two very characteristic strong bands at 1550 cm -1 and 1520 cm -1 correspond to the (C-C) and (C-O) vibration of the acetylacetonato-cobalt(III) chelate ring [21, 22] . The ring CH and CH 3 group vibrations in acetylacetonate appear at 3080 cm -1 region [23] . The bands due to the imidazole ring are shifted slightly on coordination [7] . Ionic N3 is symmetrical (D^h) and has IR active bands at 2041 and 645 cm" 1 [24, 25] . Coordination of the N3 group lowers the symmetry to C xv , resulting in a very strong band above 2,000 cm" 1 , a relatively weak stretching band at 1300 cm" 1 (which is somewhat masked in our complexes due to vibrations of the acetylacetonato group) and a bending mode at 600 cm -1 . The appearance of these bands in our complexes is indicative of terminal coordination of the N3 group [27] . Characteristic IR frequencies of some typical complexes are shown in Table III. NMR spectroscopy is very helpful in elucidating the eis-and trans-effects in octahedral cobalt(III) complexes [18, [28] [29] [30] [31] . The rram-isomer of the [Co(acac) 2 (N 3 )(Im)] complex belongs to the point group C 2v , where the four symmetry equivalent CH 3 groups of the two planar acetylacetonato groups are in identical environments. The c/s-isomer has no plane or axis of symmetry and belongs to a lower symmetry rendering all four CH 3 groups and the two ring CH protons non-equivalent, thus giving separate resonance lines in the intensity ratio of 3:3:3:3:1:1 [15] . The eis-and trans-isomers thus could be clearly distinguished by PMR spectroscopy. Further, PMR spectroscopy would also indicate the coordination of the imidazole ring to the central cobalt(III) ion [32] [33] [34] . The proton resonance lines for imidazole complexes indicate in general a downfield shift similar to what is observed on protonation of the neutral imidazole nucleus [35] [36] [37] . In the complexes, the equivalence of H-4 and H-5 in imidazole is lost, and separate signals are observed (Table IV) .
In the room temperature PMR spectra of the [Co(acac) 2 (N 3 )(Im)] complexes in CHC1 3 solution an unexpected number of signals for the CH 3 and ring CH groups of acetylacetonate and the presence of additional weak signals gave a more complicated pattern. However, the signals due to the trans-and cisisomers are clearly discernible and could be identified. The additional signals could be due to the decomposition of the complexes liberating free acetylacetone ligand [40] . The PMR spectra of fresh solutions in CHCI3 and of solutions stored for several days are identical, indicating no great change with increase in time. We had earlier shown on the basis of NMR data [15] , that the rrans-[Co(acac) 3 (N0 2 )(Im)] complexes undergo slow isomerisation, over a period of days depending on the imidazole ligand, to the cisform in CHC1 3 solutions. In contrast, the azido complexes under discussion, [Co(acac) 2 (N 3 )(Im)], undergo much faster isomerisation in CHC1 3 solution giving an equilibrium of the type trans ^ eis which persists indefinitely in solution. This faster isomerisation for N3 complexes in contrast to the N0 2 complexes was also observed by Boucher and Herrington [18] , who suggested that isomerisation of cobalt(III)-/3-diketonate complexes involves the formation of a trigonal bipyramidal intermediate via the chelate ring opening. This faster rate of isomerisation for the azido complexes is consistent with an increased stabilisation of the trigonal bipyramid by the jr-electron donating azide ion in contrast to the Jt-electron accepting nitrite ion [41] .
In the 13 C NMR spectra of the trans-[Co(acac) 2 (N0 2 )(Im)] complexes [15] , clear and sharp singlet signals were observed for 13 C-O, 13 C-H and 13 C-H 3 of acetylacetonate at 189.3, 97.7 and 26.1 ppm, respectively, whereas the imidazole carbons were obtained, also as sharp singlets, in the 138.0, 128.7 and 119.7 ppm region for 13 C at positions 2, 4 and 5, respectively. In addition, the 13 in CHC1 3 solution at room temperature. This is further substantiated by the fact that the 13 C lines of the imidazole ligand have also undergone some splitting. If only the trans-compound would have been present, a fairly simple spectrum would have been obtained [15] . The m-compound is also expected to give singlets for imidazole carbons [16] . Thus, an equilibrium mixture of eis-and trans-isomers would result in two lines for each carbon of imidazole. The presence of additinal bands, in some cases, suggests that in addition to cis-trans isomerism, some other configurational interaction might also be taking place in solution. The interaction between the imidazole ring and the adjacent acetylacetonate chelate ring in the c/s-isomer is a fair possibility resulting in anisotropic splitting of signals.
It is established that eventhough these complexes have a rnms-octahedral geometry in the solid state, this structure is not totally maintained in solution, where an equilibrium between eis ^ trans-isomers is established almost immediately.
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